Actinobacillus pleuropneumoniae causes porcine pleuropneumoniae which is one of severe threats to the swine industry. In total, 54 strains of Actinobacillus pleuropneumoniae were isolated from 443 pigs between 2012 and 2013 in Korea. Isolates were classified into serotypes 1, 2, 5, 7, 12, and unclassified by multiplex PCR. Genotypes of isolates were divided into three groups according to the sequence of the omlA gene. The antimicrobial resistance rate of serotype 1 was slightly higher than that of serotype 5. In conclusion, to block and treat porcine pleuropneumonia, it is necessary to conduct ongoing characterization of A. pleuropneumoniae isolated from pigs.
INTRODUCTION
Actinobacillus pleuropneumoniae is the causative agents of porcine pleuropneumonia (1~4). Early detection of the causative A. pleuropneumoniae is important to block the spread of porcine pleuropneumonia nationwide (5) . Historically, this was attempted using identification by selective media (6) , a positive Christie-Atkins-Munch-Petersen (CAMP) reaction, serological assays (7) and apxIVA gene detection (8, 9) . However, serological assays such as slide agglutination often identify cross-reactivity due to the sharing of species-specific lipopolysaccharides or membrane proteins. The serotype-specific multiplex PCR assay is considered a convenient and specific method superior to slide agglutination (10~12). Recently, molecular tools for genotyping A. pleuropneumoniae have been developed based on polymorphisms of the omlA gene, which codes for an outer membrane protein (OMP) (13) . The genetic diversity of the omlA gene was first observed when a 970 bp amplicon was digested with restriction enzyme. Since then, nucleotide sequence of the omlA gene has been used to distinguish the serotypes. Antimicrobial agents have been used for pleuropneumonia treatment, but some strains are non-sensitive to antimicrobial agents (14~16). It was reported that 88% of A. pleuropneumoniae isolated in Korea in 2007 showed susceptibility to ampicillin and amoxicillin, but while only 65% revealed the susceptibility to the same antimicrobial agents in 2010 (17) . Therefore, selection as determined using an antimicrobial susceptibility test should be interpreted with causative agent (16, 17) .
The purpose of this study was to investigate the prevalence of serotypes and genotypes, and to determine the antimicrobial susceptibility of A. pleuropneumoniae isolated 19 from pigs with respiratory disease in the Republic of Korea. Table 1 .
MATERIALS AND METHODS

Isolation
Genotyping of A. pleuropneumoniae
For genotyping, the omlA gene was PCR-amplified using specific primers (F, 5'-ATTGTAAACTTTAGAGCTTTA-TATT-3'; R, 5'-ATTAAAAAGTAAAAAAGCTATCCC-3') with 35 cycles of 1 min at 94℃, 45 sec at 50℃, and 90 sec at 72℃ (6) . PCR amplicons were confirmed and sequenced.
The BioEdit software (http://www.bioedit.com/) was used to align the nucleotide and deduced amino acid sequences.
Antimicrobials susceptibility testing
Minimal inhibitory concentrations (MICs) were determined by broth microdilution using the sensititre Microdilution panel by Thermofisher Inc., formerly TREK Diagnostic Systems (Cleveland, OH, USA) according to Clinical and Laboratory Standard Institute's (CLSI) guidelines for ampicillin (0.25~16 μg/ml), penicillin (0.12~8 μg/ml), ceftiofur (0.25~8 μg/ml), danofloxacin (0.12~1 μg/ml), enrofloxacin (0.12~2 μg/ml), spectinomycin (8~ 64 μg/ml), gentamicin (1~16 μg/ml), neomycin (4~32 μg /ml), tilmicosin (4~64 μg/ml), tulathromycin (1~64 μg/ ml), florfenicol (0.25~8 μg/ml), tiamulin (0.5~32 μg/ml) and chlortetracycline (0.5~8 μg ml). A. pleuropneumoniae ATCC 27090 was used as a control strain.
RESULTS
A. pleuropneumoniae was isolated from nationwide regardless of the season, as follows: Gyeonggi (n=6), Chungbuk (n=5), Chungnam (n=22), Gyeongbuk (n=10), Gyeongnam (n=7), Jeonbuk (n=3), unknown (n=1) ( Table   2 ). The apxIVA gene was present in all isolates. The distribution of serotypes as determined by multiplex-PCR is shown in Table 3 . Fifteen were found to be serotype 1 Kim et al. (18) reported no correlation between antimicrobial resistance and serotype, whereas another study concluded that different serotypes of A. pleuropneumoniae displayed varying levels of antimicrobial resistance (20) . Such heterogeneous antimicrobial resistance among serotypes has caused significant problems for controlling the disease.
Our results showed that A. pleuropneumoniae serotypes 1 and 5 were the most common serotype in Korea, and that the antimicrobial resistance rate of serotype 1 was slightly higher than that of serotype 5.
Accordingly, continuous monitoring of the antimicrobial susceptibility of A. pleuropneumoniae isolated from pigs is needed, and ongoing characterization of such porcine A.
pleuropneumoniae isolates is necessary for the prevention and treatment of porcine pleuropneumonia.
